INTRODUCTION
The hydrothermal mounds on the southern flank of the Galapagos Spreading Center are characterized by the following main features: 1) They are located over a young basement (0.5 to 0.85 m.y. of age) in a region known for its high sedimentation rate (about 5 cm/10 3 y.) because it is part of the equatorial high biological productivity zone.
2) They are located in a region with generally high heat flow (8 to 10 HFU). The highest heat-flow measurements (up to I0 3 HFU) correspond to mound peaks (Williams et al., 1979) , where temperatures up to 15°C were measured during a dive of the submersible Alvin (Corliss et al., 1978) .
3) They are often located on small vertical faults which displace the basement by a few meters (Lonsdale, 1977) and affect the 25-to 50-meter-thick sediment cover.
Most of these characteristics have also been observed in the other three known cases of hydrothermal deposits with mineral parageneses similar to that of the Galapagos mounds. However, the case of the hydrothermal mounds south of the Galapagos Spreading Center is unique because of the unusual thickness of the hydrothermal deposits present. The mounds are composed of several, up to 4.5-meter-thick, layers of green clays which, in one case (Hole 509B), are overlain by about 1.4 meters of Mn-oxide crust. We suspect that such a large accumulation of hydrothermal products results from the "funnelling" of the hydrothermal solutions exiting from a highly permeable basement along the faults.
This chapter reports a preliminary study of those green clays collected by hydraulic piston coring of the Galapagos mounds during Deep Sea Drilling Project (DSDP) Leg 70 of the D/V Glomar Challenger (Fig. 1) .
Green clays have also been reported from three presently or recently active hydrothermal areas in or close to spreading centers. Bischoff (1972) described a "ferroan nontronite" which is the major constituent of a 5-meter-thick bed representing the most recent facies of the Red Sea geothermal deposits. The nontronite is believed to be presently forming. The X-ray diffractogram of this nontron- Honnorez, J., Von Herzen, R. P., et al., Init. Repts. DSDP, 70 : Washington (U.S. Govt. Printing Office).
ite displays a (001) çeak at 13.5 Å which expands after glycolation to 15.5 Å and collapses to 9.5 Å after heating. The (060) spacing is close to 1.53 Å, reflecting the partial trioctahedral character of the mineral. The nontronite is rich in ferrous iron (3.93 to 6.96% FeO, or 0.49 to 1.15 Fe 2+ vs. 2.55 to 3.19 Fe 3+ in the octahedral position) and poor in aluminum (1.8 to 2.1% A1 2 O 3 or 0.46 to 0.53 Al in the tetrahedral position) and magnesium (0.81 to 1.40% MgO, or 0.26 to 0.41 Mg in the octahedral position). Bischoff suggested that the nontronite precipitates in the water column as a result of mixing between cold bottom seawater and brines carrying SiO 2 and Fe 2+ as well as the other heavy metals. Part of the Fe 2+ is oxidized during the mixing process and enters the octahedral sites of the nontronite. The nontronite settles later on the seafloor. Bischoff speculates that "the mineral is most likely unstable in the presence of seawater, and a trend toward equilibrium would probably involve K fixation and formation of glauconite." Cann et al. (1977) studied a "friable yellow to green massive smectite" associated with manganese-oxide crusts and minor amorphous iron hydroxides coating basalt fragments dredged 3 km away from the axis of the Gulf of Aden spreading center. The actual relationship among the various hydrothermal components and the rock fragments is not reported. The smectitegives a broad basal peak at 14 Å which expands to 17 Å upon glycolation. Chemical analyses show that the smectite is iron rich (almost entirely ferric iron) and very poor in aluminum (0.03 to 0.11 Al in the tetrahedral position) and magnesium (0.68 to 0.75 Mg in the octahedral position). The hydrothermal origin is inferred by the trace element geochemistry of the Mn-Fe oxides. Similarly, "the trace element geochemistry of the dredged smectite ... suggests strongly an origin as a direct precipitate from a hydrothermal solution..." (Cann et al., 1977) .
The third known example of green clays interpreted as hydrothermal in origin was studied in great detail by Hoffert et al. (1978) . Direct observations and samplings were carried out from the submersible Cyana in Transform Fault A of the FAMOUS area, Mid-Atlantic Ridge, at 37°N. Hence field relationships between the various types of material collected are known, which casts light on the formation of such hydrothermal deposits. Two hydrothermal fields, each about 600 m 2 in surface area, were found. The deposits form asymmetrical ridges culminating in elongated fissure-like "vents." (1 = Sample 506-6-2, 39-41 cm; 2 = 506-6-2, 127-129 cm; 3 = 506C-3-2, 0-150 cm; 4 = 506C-3-3, 93-113 cm; 5 = 506C-4-1, 121-125 cm; 6 = 506C-4-2, 122-126 cm; 7 = 506C-4-3, 53-57 cm; 8 = 507D-6-1, 12-22 cm; 9 = 507D-6-2, 37-41 cm; 10 = 507D-6-2, 103-107 cm; 11 = 507D-7-1, 16-21 cm; 12 = 506C-3-1, 0-150 cm; 13 = 507D-6-2, 90-130 cm.)
The "vents" appeared to be inactive because no thermal or geochemical anomalies were noticed in their vicinity. The hydrothermal deposits lay upon semi-indurated pelagic sediments and are associated with rock fragments. They spread out in a fan-shaped pattern (with green clay-rich material more abundant near the "vents" and MnO 2 crusts more abundant away from them), and their thickness decreases away from the vents. Radiochemical studies (Lalou et al., 1977) indicate that the Fe-Mn crusts have a possible maximum age of 45,000 years.
The green clay-rich material is made up of a mixture of smectite, "hydromica" (glauconite-celadonite), various Mn oxides, and occasionally pyrite. The "hydromicas" have a (001) basal plane at 10.1 to 10.6 Å and display a rolled flake ("curls") morphology under the transmission electron microscope (TEM). The smectites have an expandable(001) basal plane at about 16 Å, a (020) plane at 4.5 Å, a (200) plane at 2.65 Å, and a (060) plane at 1.52 Å, and they exhibit a lath-like morphology. Hoffert et al. (1978) identified the dioctahedral smectites as nontronites. The chemical composition of the clay-rich materials indicates that they are very rich in Fe 2 O 3 (32.3 to 38.6%) and poor in MgO (-2.75%) and A1 2 O 3 (0.2-0.4%), which agrees with the chemistries of glauconite-celadonite and nontronite. However, the relatively low silica contents (30.2 to 44.4%) and the very high Fe 2 O 3 contents indicate that the clays are mixed with iron hydroxides.
Nontronite and Fe-Mn oxide were dredged from the Explorer Rise, a spreading center in the NE Pacific (Grill et al., 1981) . Several flat slabs are made up of yellow green clays and orange to black Fe-Mn oxides joined along a surface parallel to the flat face of the slabs. Both clays and oxides display a well-defined internal layering parallel to the boundary and underlined at irregular intervals by thin (< 1 mm) laminae of an orange mixture between iron hydroxides and iron-rich clays.
The X-ray diffractions (XRD) were carried out on mixtures of clay, various Fe-Mn oxides, and sometimes possible traces of detrital minerals. The clay appears to be dioctahedral smectite with a (060) plane at 1.52 Å. However, the XRD does not seem to have been detailed enough to indicate the presence (except in one sample) of a celadonite-glauconite type of mica. The unit cell of the most smectitic samples, or less than 2 µm isolated fraction, is said by Grill et al. (1981) to be virtually identical to that of the green clay dredged from the Galapagos mounds by Corliss et al. (1978) . However, the Explorer Rise samples are generally richer in Al both in the tetrahedral and octahedral positions, and in Mg in the octahedral position, and much poorer in Fe 3+ in the tetrahedral position. Again, the trace element geochemistry of the various clays and Fe-Mn oxides is used as a basis to conclude that these materials are of hydrothermal origin (Grill et al., 1981) . These authors suggested that the smectites precipitated first from reducing hydrothermal solutions which became progressively oxygenated by increased mixing with seawater, hence precipitating Fe-Mn oxides. The age of the hydrothermal deposit is unknown, but it cannot be older than the underlying basement, which is 0.25 m.y. old.
SEDIMENTOLOGY
Thirteen samples of green clays from Holes 506, 506C, and 507D were studied in detail. Five of these samples were unusually large according to Deep Sea Drilling Project (DSDP) standards because they had been collected directly on the sampling table from material which had fallen from the core liners after these had been split in half. (Care had been taken to wash the table surface of debris from preceding cores.) The centimeter interval of the large sample numbers indicates the core interval from which the sediment fell. In two cases, the entire length of the core section is reported because the sample is an aggregate of several subsamples from different positions of the core section. The reader should refer to the corresponding site summaries for a detailed description of the sedimentology and stratigraphy of the three holes from which our samples were collected. A summary of these descriptions can be found in the summary chapter and in Honnorez et al. (1981) .
The sedimentological study was carried out using smear slides of the bulk sediment. These were prepared following the standard DSDP method and under conditions as strictly reproducible as possible in order to compare the different components among the various samples.
Study of the smear slides under the microscope allowed us to distinguish three major types of clay particles on the basis of their morphological characteristics. In addition, several other types of accessory components were recognized. The sedimentological observations are summarized in Table 1 . The three major types of clay components are as follows: 1) Type 1 particles are irregularly shaped flakes displaying a bright to olive green color; they are extremely variable in size. Their outlines are well defined and rarely curled. Type 1 particles are characterized by a rim which appears darker (in plane polarized light) and is birefringent between crossed polars. Type 1 particles make up Sample 506-6-2, 39-41 cm, almost completely, exhibiting the brightest green color of all the studied samples (see Plate 1, Figs. 1, 2). They were also observed in Samples 507D-6-2, 37-41 cm and 507D-6-2, 90-130 cm.
2) Type 2 particles exhibit variable shades of green. Their most common color is pale green, but in samples from Hole 506C, they display a darker olive green to brown color. Type 2 particles form granular aggregates with irregular outlines, uniform birefringence, and extremely variable size. They are the most frequent and abundant type in all samples studied except Sample 506-6-2, 39-41 cm. They are best represented in Samples 506-6-2, 127-129 cm and 506C-3-3, 93-113 (see Plate 1, Figs. 3, 4) .
3) Type 3 particles generally exhibit an olive green color. They have an outline similar to Type 1 particles but are isotropic and do not display darker rims. Their outline is well defined, and sometimes the particles appear to be made up of thin superimposed platelets. Type 3 particles are most frequent in the samples from Hole 506C, where they are generally associated with Type 2 particles (see Plate 1, Figs. 5, 6) .
Accessory components always make up less than 20% of the samples. They are composed of siliceous organisms, sponge spicules, nannofossils, unspecified carbonates, fish debris, and micronodules. Micronodules are more abundant in Samples 506C-3-2, 0-150 cm 507D-7-1, 16-21 cm, and 507D, 6-1, 12-22 cm, or they appear inside carbonate organisms (e.g., in Sample 507D-7-1,16-21 cm) or clays (see Plate 2, Figs. 1, 6 ). An unidentified mineral which may be barite or a zeolite was also observed in Samples 506C-4-1, 121-125 cm (see Plate 2, Figs. 3-5) and 506C-3-1, 0-150 cm.
MINERALOGY METHODS
The samples were studied by XRD in Strasbourg using air-dried, ethylene-glycol treated, and heated oriented smear slides of the < 2 µm clay fractions (Cu Kα radiation, Ni filter, 40 kV/20 mA, 1 ° 20 per min., 0.1-1 ° slits, from 2 to 30° 20), and air-dried randomly oriented powders of < 2 µm fractions and bulk sediments (Cu Kα radiation, Ni filter, 40 kV 20 mA, 1° 20 per min., 0.1-1° from 2 to 40° 20, and 4°-.03-4° slits from 40 to 65° 20). Five of the samples (Samples 506-6-2, 39-41 cm, 506C-3-1, 0-150 cm, 506C-4-1, 121-125 cm, 506C-4-3, 53-57 cm, and 507D-6-2, 37-41 cm) were also studied by XRD in Miami using air-dried, ethylene-glycol treated, and heated oriented mounts prepared by aspiration of the <2 µm clay suspension onto 0.45 µm silver filters (Cu Kα radiation, Ni filter, 30 kV, 25 mA, 1 ° 20 per min., 0.1-1° slits, between 4 and 14° 20) with a Norelco-Phillips unit equipped with a graphite crystal monochromator. In addition, Samples 506C-3-1, 0-150 cm and 507D-6-2, 90-130 cm underwent further treatment: We attempted subdividing the <2 µm fractions into two or more grain-size fractions using a Sharpless ultracentrifuge. Several particle size limits were arbitrarily chosen between 2 and 0.4 µm, and the fractions larger and smaller than these limits were observed with a transmission electron microscope (TEM) (Phillips EM 300), following the technique of Trauth et al. (1977) . No morphological difference could be found between the particles forming the successive pairs (smaller and larger than the limit) fractions. XRD of the paired fractions using smear slides did not indicate any difference: Their clay mineralogies were similar to that of the bulk sample. As a consequence, the paired fractions were recombined before we attempted the next smaller particle size separation. The fraction larger than the chosen limit was always by far the smallest of the two by weight, and at the end the <0.4 µm fraction represented about 90% by weight of the initial 2 µm sample.
Isolated Clay Fractions
XRD data and TEM observations of the < 2 µm clay fraction are summarized in Table 2 . All 13 samples display (060) d spacings ranging from 1.506 to 1.517 Å, indicating the dioctahedral nature of the clay minerals. This structure suggests that little Mg 2+ or Fe 2+ substitutes for Fe 3+ in the octahedral sites. A transitional character between di-and trioctahedral structures had been noticed by Bischoff (1972) and Hoffert et al. (1978) for the hydrothermal clays of the Red Sea and FAMOUS area, respectively, and by Bentor and Kastner (1965) and Birch et al. (1976) for the glauconites of various localities. Other peaks corresponding to (020) and (004) d spacing are also generally present except in Samples 506C-3-3, 93-113 cm and 507D-6-2, 103-107 cm, where the (004) peak is missing.
The presence of numerous well-defined peaks between 2 and 60° 20 indicate that the layers have not rotated about the C axis. About half of these peaks are asymmetrical, indicating that the stacking of the clay Table 2 . d spacings (Å) of <2 µm clay fraction after air drying, glycolation, and heating. (002) 9.6 + ?10 9.8 9.2-10 9.0 + ?10 9.2-9.6 9.2-9.5 (9.14 18.8 or 9.0-9.5 9.0 9.2-9.8 8.9-9.3 9.1 + 10. 24 Å, etc. indicates that the clays are not regular mixed-layer minerals. However, Sample 507D-6-2, 37-41 cm (and possibly Sample 506C-3-1, 0-150 cm) displays, upon glycolation, an expanded smectite (001) d spacing peak at about 18 Å, a combined smectite (002)-mica (001) d spacing peak at about 9 Å, and another peak at about 10 Å corresponding to the (001) spacing of mica. The latter could indicate the presence of mica particles in addition to the mixed-layer smectite-mica particles making up the majority of the samples.
The only exception is Sample 506-6-2, 39-41 cm, either because its air-dried (001) d spacing peak is located at slightly less than 11 Å (XRD made in Strasbourg), or because the sample displays two peaks: at 10.1 A (the highest) and 12.0 Å (XRD made in Miami). Upon glycolation either of the two peaks clearly appears at 18 and 9.6 Å-possibly with a third (smaller) one at 10 Å (XRD made in Strasbourg)-or one peak appears at 9.8 Å and a convex "bump" appears from about 18 to 20 Å (XRD made in Miami). After heating, the (001) d spacing collapses to 9.8 Å. The location of an airdried (001) d spacing at 10 or 11 Å, the intensity of the combined smectite (002)-mica (001) d spacings at 9.6 or 9.8 Å, and the possible presence of an independent mica (001) peak at 10 Å upon glycolation indicate that this sample is by far the richest in mica.
The same sample is also unique from several other points of view. It is one of the most potassic, with 5.31% K 2 O by weight (recalculated on a water-free basis) or 0.458 K in the structural formula (calculated on the basis of 22 charges). However, Sample 506-6-2, 127-129 cm is as potassic, with 5.33% K 2 O or 0.462 K in the formula, even though its X-ray diffractogram does not present the mica features as in Sample 506-6-2, 39-41 cm. It is the only sample which when dried displays a bluish grass-green color which is not included as a reference in the Faber and Castel Color Chart of Soils and Sediments; the color of other dried samples varies from 5Y5/ 6, to 5Y5/5, to 5Y5/4, to 5Y3/2, to 5Y4/3, to 5Y6/2. It is the only sample which appears in smear slides to be made up solely of morphological Type 1 particles. With the TEM it appears to be made up of laths only, without any flakes or "curls" (see TEM observations, Table 2 ). Finally, it was the last sample to floculate when suspended in distilled water (about 11/2 days after the others).
On the other hand, Sample 506C-4-1, 121-125 cm seems to be the most smectitic because after glycolation a (002) d spacing peak of smectite sometimes appears at 8.8 Å, in addition to the combined smectite (002)-mica (001) d spacing at 9.2 to 9.5 Å. This sample appears with the TEM to be the richest in flakes and "curls," and in smear slide to be deprived of morphological Type 1 particles. Finally, it has the highest Al content (see "Geochemistry").
Most of the clay fraction samples when observed with the TEM (Table 2) appear to be made up predominantly of lath-shaped clay particles, ranging from 0.1 to 1.5 µm in length, with most less than 0.5 µm long. Longer "curled" flakes are also observed, but are never abundant. They often form irregular or ball-shaped aggregates, ranging from 0.25 to 2.5 µm in diameter.
Bulk Sediment Samples
X-ray diffractions of bulk sediment samples allowed us to identify some of the accessory components such as calcite, and halite which is thought to have precipitated from the sediment pore water as a result of our drying the samples in the laboratory. Unfortunately the Fe-Mn oxides and the unidentified minerals (barite or zeolite?) in Sample 506C-4-1, 121-125 cm could not be identified because of their poor crystallinity and/or small proportion. The diffractograms clearly indicate that the clay mineral(s) is (are) overwhelmingly the major component of the bulk sediment samples. They also confirm the dioctahedral structure of the clays.
In summary, study of both isolated clay fractions and bulk sediment samples demonstrates the complexity of the clay mineralogy of the hydrothermal clay layers of the Galapagos mounds. However, one must keep in mind that five of our samples were collected from sections varying from 59 to 150 cm in length and could very well represent mixtures of otherwise more homogeneous clay layers.
GEOCHEMISTRY Major Element Geochemistry
The geochemical data are derived from the same set of samples studied above. Major and trace element analyses were performed following the method described by Besnus and Lucas (1968) and Besnus and Rouault (1973) , using arc spectrometry and an ARL quantometer. The method consists of melting the sample in a mixture of lithium tetraborate and introducing the melt into a glycolated solvent. Trace elements were determined using the inductive-coupled plasma technique (ICP -35OOOC-ARL).
Na and K were determined by emission spectrometry. Relative precision is ±2% for major elements and ± 10% for trace elements.
Geochemical data are presented in Tables 3 to 6 . Chemical analyses were recalculated taking mineralogical information into consideration in order to compare bulk sediment to the isolated clay fraction (see Tables 7,  8 ). We ascribed the CaO content to carbonate organisms, and we eliminated the Na 2 O content since it most likely results from the presence of halite which precipitated from the pore waters. The low TiO 2 contents were not considered either.
The major element compositions of bulk sediment samples and isolated clay fractions are compared in the correlation diagrams of Fig. 2A to 2F . Two main groups of samples can be defined, and the element distribution between bulk sediments (i.e., the large clay particles) and the corresponding < 2 µm fractions can be studied. There is little chemical difference between the bulk sediment samples (including clay minerals + Fe-Mn oxides + siliceous organisms + other silicates) and the < 2 µm fraction (presumably clay minerals alone) because the hydrothermal sediments are essentially made up of Ferich, Al-and Mg-poor clay minerals. When the SiO 2 content is higher in the bulk sediment than in the clay fraction, as in Sample 506-6-2, 127-129 cm, one can assume that it is the result of the presence of siliceous organisms or silicates > 2 µm which were often observed in smear slides. On the other hand, when SiO 2 content is higher in the clay fraction than in the bulk sediment, this enrichment must be the result of the composition of the clay minerals themselves, since no colloidal silica debris was observed during cursory observation of the samples studied with TEM. The MgO contents of bulk and < 2 µm fraction samples are similar and vary little among different samples. K 2 O contents are generally small in both the bulk samples and clay fractions; exceptions are in Samples 506-6-2, 39-41 cm and 127-129 cm, where, recalculated on a water-free basis, K 2 O contents are, respectively, 5.31 and 5.9% (in the <2 µm fraction and bulk sediments), and 5.33 and 3.37% (in the <2 µm fraction and bulk sediments), where the <2 µm fractions are much richer in K than the corresponding bulk sediment samples. A1 2 O 3 contents are always very low, but three clay fractions contain much more aluminum than the corresponding bulk sediments. Bulk sediment samples always have higher total iron (recalculated as Fe 2 O 3 ) contents than the <2 µm fractions. This results from the presence of Fe-Mn oxides in the coarse fraction, particularly in Samples 506-6-2, 39-41 cm and 507D-7-1, 16-21 cm, where micronodules were observed. The same samples also have high SiO 2 contents. It appears that the formation of iron oxides next to the clays is favored when the clay fraction is more siliceous and does not admit any more iron. The Mn 3 O 4 contents of bulk sediments and clay fractions are generally almost identical. However, in Samples 506C-4-5, 53-57 cm and 506C-3-2, 0-150 cm, manganese is present as oxides in micronodules and debris >2 µm, giving the bulk sediment a higher Mn content. On the other hand, manganese is more abundant in the clay fraction of Samples 507D-6-2, 103-107 cm and 507D-7-1, 16-21 cm. It is therefore seen that iron and manganese, generally found together as hydroxides, are in this case differentiated by the particle sizes: Manganese is often related to the finest particles, whereas iron is found in the coarser ones. The micronodules are essentially made up of manganese oxides coating carbonate organism debris.
This comparison between the major element compositions of the clay fractions and corresponding bulk samples (excluding CaO) allows us to distinguish two major groups of clays which have in common the moreor-less magnesian chemistry of Fe-rich clay minerals. The first group comprises the more aluminous clay minerals, and the second the more potassic clay minerals. 
Sample (interval in cm)
506-6-2, 39-41 506-6-2, 127-129 5O6C-3-2, 0-150 506C-3-1, 0-150 5O6C-3-3, 93-113 506C-4-1, 121-125 506C-4-2, 122-126 506C-4-3, 53-57 507D-6-1, 12-22 507D-6-2, 37-41 507D-6-2, 103-107 507D-6-2, 90-130 507D-7-1, 16-21 m σ Cr   7  8  17  8  9  27  25  25  6  6  6  33  12  14  9   Zn   61  28  24  31  29  28  35  39  35  38  31  30  48  35  10   Cu   14  12  29  23  14  18  64  19  21  8  9  20  12  20  14   Zr   7  8  14  8  9  17  11  8  8  7  12  9  14  10  3 Note: -= undetermined element; m = mean; σ = deviation. Table 5 . Chemical analyses of the clay fraction (<2 µm) of hydrothermal sediments from Leg 70, Holes 506, 506C, and 507D.
506-6-2, 39-41 506-6-2, 127-129 506C-3-2, 0-150 5O6C-3-1, 0-150 506C-3-3, 93-113 506C-4-1, 121-125 506C-4-2, 122-126 506C^-3, 53-57 507D-6-1, 12-22 507D-6-2, 37-41 507D-6-2, 103-107 507D-6-2, 90-130 507D-7-1, 16-21 m σ and total manganese as m = mean; σ = deviation; * = total of the mean values.
; < = value below the lower detection limit; Table 6 . Trace-element concentrations of clay fraction (< 2 µm) of the hydrothermal sediments from Leg 70, Holes 506, 506C, and 507D.
506-6-2, 39-41 506-6-2, 127-129 506C-3-2, 0-150 5O6C-3-1, 0-150 5O6C-3-3, 93-113 506C-4-1, 121-125 506C-4-2, 122-126 506C-4-3, 53-57 507D-6-1, 12-22 507D-6-2, 37-41 507D-6-2, 103-107 507D-6-2, 90-130 507D-7-1, 16-21 m σ   Sr   48  43  109  56  69  114  96  48  79  40  30  50  110  69  29   Ba   367  187  839  558  701  2128  1647   754  406  81  218  196  208  637  611   V   12  17   25  16  18  59  46  16  25  15  15  19  22  23   14   Ni   (ppm)   _  ---41  83  51  ---49  -23  --Cr   17  17  38  73  27  44  58  15  16  16  32  11  15  29  19   Zn   44  68  71  45  54  118  82  28  45  48  27  49  48  55  23   Cu   87  94  85  61  87  142  118  45  30  38  49  30  33  69  36   Zr   14  15  19  14  12  22  18  11  14  14  15  12  14  15  31 Note: -= undetermined element; m = mean; σ = deviation. Table 7 . Chemical data of hydrothermal sediments (bulk sediment) recalculated for Siθ2 + AI2O3 + MgO + Fe2U3 + Mn3U4 + K2O = 100.
506-6-2, 39-41 506-6-2, 127-129 506C-3-2, 0-150 506C-3-1, 0-150 506C-3-3, 93-113 506C-4-1, 121-125 506C-4-2, 122-126 506C-4-3, 53-57 507D-6-1, 12-22 507D-6-2, 37-41 507D-6-2, 103-107 507D-6-2, 90-130 507D-7-1, 16-21 m This distinction is even more noticeable in the isolated clay fractions. Figure 3 schematically illustrates the distribution of the major and trace elements between the main mineral components forming the green clays of the Galapagos mounds. Note the following: 1) Fe occurs in both the clay minerals, where it is associated with Si, and the oxides, where it is associated with Mn.
2) The framework of the clay minerals is formed by Si-Fe, and a differentiation exists between a K-rich and an Al, Mg-rich end member.
3) Siliceous and carbonate organisms are a secondary source of elements.
Geochemical differentiations among hydrothermal smectites are derived from calculating structural formulas. Structural formulas (see Table 9 ) were calculated with the assumption that all of the iron is present in its ferric state and eliminating excess Mn (i.e., Mn 3 O 4 > 0.07%), plus all of the calcium, sodium, and titanium. Actually we know that the assumption is not true, since from 1.8 to 9.8% FeO was analyzed in the bulk sediment samples. Structural formulas confirm the essentially dioctahedral nature of the hydrothermal clays. As with the chemical distinction based on the major element contents of the clay mineral fraction, one can distinguish two major groups of clay minerals according to their formulas: 1) A "nontronitic" group comprises those samples which have the higher Al content, indicating the possibility of a slight substitution of Al in the tetrahedral sites. High Al contents are negatively correlated with low MgO contents. K 2 O contents are small. Sample 506C-4-1, 121-125 cm is the most representative example of this type.
2) A "celadonitic" group comprises the most potassic samples, which are also the richest in iron and silica.
Relationships between these two groups appear clearly in the ternary diagrams Fe 2 θ3-Al2θ3-K 2 O (Fig. 4) . Table 8 . Chemical data of clay fraction (< 2 µm) of hydrothermal sediments recalculated for Siθ2 + AI2O3 + MgO + Mn3θ4 + K2O = 100. Sample (interval in cm) 506-6-2, 39-41 506-6-2, 127-129 5O6C-3-2, 0-150 506C-3-1, 0-150 5O6C-3-3, 93-113 506C-4-1, 121-125 506C-4-2, 122-126 506C-4-3, 53-57 507D-6-1, 12-22 507D-6-2, 37-41 507D-6-2, 103-107 507D-6-2, 90-130 507D-7-1, 16- 
Trace Element Geochemistry
Strontium contents are usually related to CaCO 3 contents (Turekian, 1964) . The variations in Sr contents in carbonate sediments are often used as indicators of the diagenetic evolution of these sediments (e.g., . Even though the biogenic carbonates are not very important in the green clay layers of the Galapagos thermal mounds, these hydrothermal sediments have anomalously high Sr contents compared with those of the Pacific pelagic sediments (see Figs. 5A and 5B). It appears that the more aluminous clays are also the richest in Sr. One could explain these high Sr contents as the result of a selective "trapping" of Sr by the hydrothermal clays which precipitated at the same time that the biogenic carbonates were being dissolved by the hydrothermal solutions. Alternatively, part of the Sr could be derived from the hydrothermally altered basalts as suggested by Hoffert et al. (1978) in the case of the hydrothermal deposits of the FAMOUS area.
Barium content variations in pelagic sediments are often related to the abundance of siliceous organisms. They can also indicate diagenetic evolution of siliceous biogenic sediments. Barium content can be high in sediments receiving a volcanic contribution .
Barium is sometimes present in volcanogenic-rich sediment in silicates such as harmotome, or more often as barite, or associated with Fe-Mn oxides. In the hydrothermal green clays from the Galapagos mounds, the highest Ba content was found in Sample 506C-4-1, 121-125 cm, where an unidentified mineral, possibly barite or a zeolite, was observed (see Plate 2, Fig. 5 ). The other high Ba contents probably correspond to the presence of barite in samples where the smectites are the most aluminum rich. The presence of Ba results from the action of the hydrothermal solutions on the biogeneous siliceous component of the sediments-the latter being dissolved and substituted by clay minerals. The hydrothermal clay from the Galapagos mounds is generally poor in transition metals such as V, Ni, Zn, and Cu as already noted in the data of Leg 54, Site 424, and the FAMOUS area (Hekinian et al., 1978; Hoffert et al., 1980) . However, V, Ni, Zn, and Cu are more abundant in samples from Hole 506C, which also contain the unidentified mineral (barite or zeolite), the more aluminous clays, and more particularly, the Fe-Mn oxides. This enrichment in transition elements and aluminum, as well as the presence of authigenic minerals besides the clays, could indicate a more advanced "diagenesis" of some hydrothermal clays from the Galapagos mounds.
CONCLUSIONS
The 13 studied samples of green clays from Holes 506, 506C, and 507D from the hydrothermal mounds south of the Galapagos Spreading Center appear to be made up of essentially mixed-layer nontronite-mica (celadonite) with a predominance of smectite. Only one sample (506-6-2, 39-41 cm) is formed mainly by celadonite, the smectitic contribution to the mixed-layer mineral being much smaller than in the other 12 samples. The clay fractions are iron-rich and Al, Mg-poor, but the most celadonite-rich sample is one of the two that are much richer in K than the others. Another sample (506C-4-1, 121-125 cm) is more Al-and Sr-rich than the others.
The bulk sediment samples also contain traces of FeMn oxides, mainly as microconcretions. The bulk sediment sample corresponding to the Al-rich clay fraction is also more Ba-rich and contains an unidentified authigenic mineral, possibly barite or a zeolite.
Trace-element geochemistry appears to confirm the differentiation of the green hydrothermal clays between K-rich and Al-rich end members. In the latter case, an enrichment in transition metals, such as V, Ni, Zn, and Cu, as well as in Ba is also noticed, which could probably be the result of diagenesis. 
